IR properties of one loop corrections to brane-to-brane propagators in
  models with localized vector bosons by Kirpichnikov, D. V.
IR properties of one loop corrections to brane-to-brane propagators in models
with localized vector bosons
D.V. Kirpichnikov
Institute for Nuclear Research of the Russian Academy of Sciences,
Prospect of the 60th Anniversary of October 7a, Moscow, Russia, 117312
We discuss the one loop effects of massless fermion fields on the low energy vector brane-to-brane
propagators in the framework of two QED brane-world scenarios. We show that one loop photon
brane-to-brane propagator has a power law pathologic IR divergences in the 5D QED brane-world
model with mass gap between the vector zero mode and continuous states. We also find that bulk
fermions do not give rise to IR divergences in a photon brane-to-brane Green’s function at least at
the one loop level in the framework of 6D QED brane model with gapless mass spectrum between
vector zero mode and higher states.
I. INTRODUCTION
Localizing scalars and fermions in brane-world
field theoretic models is conceptually straightfor-
ward [1–3]. On the other hand, gauge field local-
ization is tricky. One either does not allow gauge
fields to penetrate into the bulk [4], or has to deal
with charge universality [5], i. e., the property that
the effective 4D gauge coupling must be indepen-
dent of the bulk wave function of a charged particle.
The latter property implies that the gauge field zero
mode is constant along extra dimensions (unlike zero
modes of scalars and fermions, which typically decay
away from the brane).
The independence of the gauge field zero mode
of extra-dimensional coordinates may lead to in-
frared problems. Indeed, it has been pointed out
in Refs. [6, 7] that charged bulk fields induce one-
loop scattering amplitude of the zero mode gauge
bosons, see Fig. 1, which diverges in 5D lineary with
the size of extra dimension L, provided that the ef-
fective mass of the charged field does not grow indef-
initely away from the brane. This is easy to under-
stand: suppose one keeps the size of the loop finite
and moves it towards z → ∞, where z is the extra
coordinate. Since the gauge field zero mode is con-
stant in z, and the effective mass of the charged field
is constant at large z, the loop contribution is inde-
pendent of z, and the integration over z gives the
volume of extra dimension. Likewise, the one-loop
correction to the 4D propagator of the gauge field
boson in the zero mode state is also proportional
to L.
This observation, however, does not necessarily
mean that a theory has unacceptable IR patholo-
gies. Indeed, since the zero mode is strongly non-
local along extra dimension, it cannot be produced
alone by a local source. The IR pathology is indeed
likely to be there in models with a gap between the
zero and higher modes in the gauge field sector [6]:
at low 4D momenta heavy states decouple, and the
only relevant degree of freedom is the zero mode.
However, the gap is absent in other models of gauge
field localization, notably, generalizations [8–10] of
the RSII set up [11]. Arguments have been given
some time ago [12], suggesting that models of the
latter type may be free of IR pathologies.
In this paper we calculate and compare objects
of direct physical significance in models with and
without gap. Since in the brane-world scenario one
is interested primarily in the processes with parti-
cles (say, charged fermions) residing on the brane,
the object of particular relevance is the brane-to-
brane gauge field propagator. As we are interested in
IR properties, we are going to study its behavior as
p→ 0, where p is 4D momentum. We will calculate
corrections to the brane-to-brane gauge field propa-
gators, which are due to fermion loops in the bulk;
we consider massless fermions for simplicity. For
concreteness, we consider models of Ref. [6] (with
the gap) and Ref. [10] with n = 1 (gapless). Our
results confirm that the models with the gap be-
tween the gauge zero mode and higher modes are IR
pathological. Namely, we will see that one loop cor-
rection to the brane-to-brane gauge field propagator
behaves as 1/p3 at low 4D momenta (the bare prop-
agator is proportional to 1/p2, as usual). On the
other hand, the one loop correction in the gapless
model is free of pathology: the one-loop correction
behaves as 1/p2, so it merely introduces the wave
function renormalization.
The organization of this paper is as follows. In
Sec. II we consider 5D spinor QED with gauge field
localized on the domain wall. We introduce the
model in Sec. II A and in Sec. II B we explicitly
calculate one loop fermion correction to the vector
brane-to-brane propagator. In Sec. III we consider
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Figure 1. Light by light scattering amplitude in a domain
wall set up, M(γγ→γγ)∝L→∞.
6D spinor QED in the background of RSII-1 metric
with one compact extra dimension θ and one infinite
extra dimension z. We calculate the vector propa-
gator in Sec. III A. In Sec. III B we derive one loop
contribution of θ-homogeneous KK fermions into the
vector brane-to-brane propagator. In Sec. III C we
discuss a position depenent cutoff scheme for calcu-
lating the one loop contribution of θ-inhomogeneous
KK excitations of fermions to the vector propagator,
and calculate this correction explicitly. We conclude
in Sec. IV. Technical details are collected in Appen-
dices.
II. DOMAIN WALL SET UP
A. The model
In this section we consider Euclidean 5D brane-
world model with fermion and vector fields propa-
gating in the bulk [6]. The action of the model is
S=
∫
d4x dz
[ 1
4
φ2(z)F 2MN + iΨΓ
M (∂M − ig5AM )Ψ
]
,
(1)
where indices M,N label 5D space, M,N =
0, 1, 2, 3, 5, and
φ(z) = 1/chαz (2)
is a field configuration which ensures the localization
of vector zero mode on the brane; the parameter 1/α
is related to the brane thickness. This mechanism
of gauge field localization on a higher dimensional
-Α2
Α2
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Figure 2. Domain wall effective potential.
deffect is analogous to those considered in Ref. [13].
For simplicity we assume that the fermions propa-
gate in the flat 5D bulk. 5D and 4D couplings are
related by
g5 =
1√
α
g4. (3)
It is convenient to introduce the new field BM , which
is related to AM as follows:
BM = φAM . (4)
The Lagrangian of the vector field BM can be writ-
ten as follows:
L= 1
2
Bµ
[
ηµν
(
−∂2λ−∂2z+
φ′′
φ
)
+∂µ∂ν
]
Bν−
−1
2
Bz∂
2
µBz −Bz
(
φ′
φ
− ∂z
)
∂µBµ,
(5)
where Greek indices refer to 4D, µ, ν = 0, 1, 2, 3. We
set the gauge Bz = 0, then the vector field Bµ is
transverse, ∂µBµ = 0. KK modes B
(m)(z) of the
vector field Bµ obey(
−∂2z +
φ′′
φ
)
B(m)(z) = m2B(m)(z). (6)
where m is 4D mass. The mass spectrum is deter-
mined by the quantum-mechanical potential
V (z) =
φ′′
φ
= α2 − 2α
2
ch2αz
.
2
In this potential the vector field has one bound
state (see Fig. 2), which is actually the zero mode,
B(0)(z) =
√
α
2
1
chαz
. (7)
This mode is normalized with unit measure, in ac-
cordance with the Lagrangian (5). Eq. (6) has also
solutions B(m)(z), which correspond to the continu-
ous spectrum starting from m = α. Therefore, the
zero mode B(0)(z) is separated from higher modes
B(m)(z) by non-zero mass gap ∆m = α.
Now let us consider the propagator of the vec-
tor field Bµ from brane to bulk, G
B
µν(p, z, 0) =
〈Bµ(p, z)Bν(p, 0)〉. This propagator obeys(
p2 − ∂2z + α2 −
2α2
ch2αz
)
GBµν(p, z, 0) = ηµνδ(z).
(8)
The solution to Eq. (8) is GBµν(p, z, 0) =
ηµνGB(p, z, 0), where (see Appendix A)
GB(p, z, 0) =
1
4 chαz
(
e−(χ−α)|z|
χ− α +
e−(χ+α)|z|
χ+ α
)
,
(9)
and
χ =
√
p2 + α2. (10)
It is worth noting that brane-to-bulk propagator of
the vector field Aµ(p, z) is
〈Aµ(p, z)Aν(p, 0)〉 = ηµνGB(p, z, 0)/φ(z)
≡ ηµνGA(p, z, 0), (11)
where
GA(p, z, 0) =
1
4
(
e−(χ−α)|z|
χ− α +
e−(χ+α)|z|
χ+ α
)
. (12)
Vector fields AM and BM coincide on the brane
z = 0, their propagators from brane to brane coin-
cide as well
GA(p, 0, 0) = GB(p, 0, 0) = χ/(2p
2). (13)
At low energy, p α, only zero mode of gauge field
is relevant, and the propagator (13) takes the form
GA(p, 0, 0) = α/(2p
2). (14)
It follows from Eqs. (10) and (12) that at small p
GA(p, z, 0) =
α
2p2
exp
(
−p
2|z|
2α
)
, (15)
hence the bulk vector Green’s function GA(p, z, 0)
decreases slowly towards z → ∞ in the IR regime.
We will also use the propagator GA(p, z, 0) in the
momentum space
G˜A(p, pz) =
+∞∫
−∞
dz GA(p, z, 0) e
ipzz
=
1
2
(
1
(χ−α)2+p2z
+
1
(χ+α)2+p2z
)
.
(16)
We find from Eqs. (10) and (16), that as pz → 0 and
p/α  1, then the brane-to-bulk vector propagator
in the momentum space tends to
G˜A(p, pz) =
1
2
1
(p2z + p
4/(4α2))
. (17)
We note that Eq. (17) differs considerably from the
vector propagator in the flat 5D space
G˜flatA (p, pz) =
1
p2 + p2z
. (18)
In Sec. II B we show that the term p4/(4α2) in
Eq. (17) leads to IR pathology of the one-loop vector
brane-to-brane propagator.
B. One loop fermion contribution to the
vector brane-to-brane propagator
p p
GAHp, 0, z1L
D f Hq, z1, z2L
GAHp, z2, 0L
ig5 GΜ
z = 0
D f Hq - p, z1, z2L
ig5 GΝz
Figure 3. One loop correction to the vector brane-to-
brane propagator.
In this section we calculate the one loop fermion
contribution to the vector propagator from brane to
brane (see Fig. 3). The coupling of the fields Aµ and
Ψ is
Sint[Ψ, A] =
∫
d4x dz g5Ψ Γ
µAµΨ. (19)
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One loop brane-to-brane vector Green’s function is
Gµν(p) = G(0)µν (p) +G(1)µν (p), (20)
where tree level propagator is G
(0)
µν (p) ≡
ηµνGA(p, 0, 0), and one loop contribution G
(1)
µν (p) is
given by
G(1)µν (p)=(ig5)
2
∞∫
−∞
dz1
∞∫
−∞
dz2GA(p, z1, 0)GA(p, z2, 0)×
×
∫
d4q
(2pi)4
(−1)Tr [ΓµDf (q − p, z1, z2)ΓνDf (q, z1, z2)] .
(21)
Green’s function of massless 5D fermions
Df (q, z1, z2) has the form
Df (q, z, z
′) =
∞∫
−∞
dqz
2pi
Q̂
Q2
eiqz(z−z
′), (22)
where Q̂ = ΓMqM = Γ
µqµ + Γ
zqz, Q
2 is 5D momen-
tum squared, Q2 = q2 + q2z . Therefore, the one loop
fermion contribution (21) can be written as follows
G(1)µν (p)=(g5)
2
∞∫
−∞
dpz
2pi
∣∣∣G˜A(p, pz)∣∣∣2 Π˜µν(p, pz). (23)
where G˜A(p, pz) is given by Eq. (16) and Π˜µν is vac-
uum polarization operator in flat 5D space with 4D
indices:
Π˜µν(p, pz) =
∫
d5Q
(2pi)5
Tr
[
ΓµQ̂Γν(Q̂− P̂ )
]
Q2(Q− P )2 . (24)
We make use of dimensional regularization and ob-
tain
Π˜µν(p, pz) =
3pi
64
22
(4pi)2
P
(
ηµνP
2 − pµpν
)
. (25)
where 5D momentum squared is
P 2 = p2 + p2z. (26)
Let us consider the one loop correction G
(1)
µν (p) in the
low energy limit, p → 0. We substitute Eqs. (16)
and (25) into Eq. (23) and integrate (23) over pz,
then we get
G(1)µν (p)=
(g4)
2
2pi
3pi
64
22
(4pi)2
α
2p2
[(
ηµν− pµpν
p2
)
QT (p)+
+
pµpν
p2
QL(p)
]
.
(27)
The factor α/(2p2) in Eq. (27) is due to the vec-
tor zero mode (see Eq. (14)). Functions QT (p) and
QL(p) are defined by
QT (p)=
+∞∫
−∞
dpz
2p2
α2
P 3
∣∣∣G˜A(p, pz)∣∣∣2,
QL(p)=
+∞∫
−∞
dpz
2p2
α2
Pp2z
∣∣∣G˜A(p, pz)∣∣∣2.
(28)
One obtains in IR regime p→ 0
QT (p) =
2piα
p
+
9pip
4α
+
+
p2
α2
(
4 ln
2Λ
p
+ 3ln
p
4α
− 11
6
)
+O
(
p3
α3
) (29)
QL(p)=
pip
2α
+
p2
α2
(
4ln
2Λ
p
+3ln
p
4α
− 3
2
)
+O
(
p3
α3
)
,
(30)
where Λ is the UV cutoff scale. It follows from
Eq. (29) that in the low energy limit p/α  1 the
function QT (p) is proportional to α/p. The reason
for this singularity is as follows. We have pointed out
in Sec. II A that brane-to-bulk propagator G˜A(p, pz)
has a peculiar term p4/(4α2) in the denominator as
pz → 0 (see Eq. (17)). This means that the inte-
gral (28) for QT (q) has the following IR contribu-
tion:
QT (p) ∝
+∞∫
−∞
dpz
p2
α2
(p2z + p
2)3/2
(p2z+p
4/(4α2))2
. (31)
This integral is saturated in IR region at pz ∼ p2/α,
hence
QT (p) ∝ p
2
α2
(p2/α)p3
(p8/α4)
∝ α
p
, (32)
which coincides with Eq. (29). Therefore, the one
loop contribution of massless fermions to the vector
brane-to-brane propagator is
G(1)µν (p) =
3(g4)
2
29pi
α2
p3
(
ηµν − pµpν
p2
)
, (33)
while the tree level propagator GA(p, 0, 0) is propo-
tional to 1/p2 (see Eq. (13)). This means that the
model is inconsistent in the IR limit. One way to
interpret the result (33) is to claim that the theory
is in the strong coupling regime at (g4)
2α/p . 1,
where the one loop correction exceeds the tree level
propagator. We conclude that the model with mass
gap between zero and massive vector KK modes is
pathological in IR, as expected.
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III. RSII-1 SET UP
In this section we consider a model without mass
gap between zero and massive vector KK modes.
Namely, we calculate the one loop contribution of
massles fermions to the brane-to-brane vector prop-
agator in the framework of RSII-1 model with one
compact and one infinite extra dimensions. 6D mec-
tric of Euclidean RSII-1 model is
ds2 = GMNdx
MdxN
= w2(z)(ηµνdx
µdxν + dθ2 + dz2),
(34)
where indices M,N denote the coordinates of 6D
spacetime, M,N = 0, 1, 2, 3, 5, 6. Greek indices
µ, ν label 4D subspace, µ, ν = 0, 1, 2, 3, x5 is the
compact extra dimension, x5 ≡ θ ∈ [0, 2piR], and
x6 ≡ z refers to extra dimension of infinite size
z ∈ [−∞,+∞]. The warp factor w(z) is given by
w(z) = 1/(1 + k|z|). (35)
From geometric point of view, the metric (34) de-
scribes 5-brane with one compact dimension located
at the point z = 0 of bulk space. Let us consider the
action of U(1) gauge theory with massles fermions
in the background (34)
SRS [ψ,A] =
∫
d4x dz dθ
√
G
[1
4
FMNF
MN+
+ iψΓM¯EMM¯ (∇M − ig6AM )ψ
]
,
(36)
where indices M¯, N¯ label the tangent space and
∇M is spinorial covariant derivative. Couplings and
fields have the following mass dimensions: [g6] = −1,
[AM ] = 2 and [Ψ] = 5/2. The size of compact extra
dimension R is assumed to be R  1/E, where E
is the energy of interest. In Secs. III A and III B we
study KK excitations of fermions and bosons which
are homogeneous along the compact extra dimen-
sion θ. We discuss in Sec. III C quantum corrections
to the photon propagator coming from the fermion
states inhomogeneous along θ.
A. Vector field propagator in the RSII-1 set
up
Let us find brane-to-bulk vector Green’s function.
The vector part of the action (36) is
S[A] =
∫
d4x dz dθ w2(z)
1
4
F 2MN , (37)
VHzL
z
zero mode
m = 0
continuous spectrum
m > 0
2 k2
Figure 4. RSII-1 effective potential.
where indices M,N are contracted with flat metric.
The action (37) is analogous to that considered in
domain wall set up (see vector part of the action (1))
expect for the form of the warp factor w(z). We
introduce the vector field BM in the same way as in
Sec. II A (see Eq. (4))
BM = wAM . (38)
We consider the field BM independent of θ with
Bθ = 0 and choose the gauge Bz = 0.
The equation of motion for KK mode B(m)(z) of
the field Bµ(x, z) coincides with Eq. (6) up to redefi-
nition φ(z)→ w(z). In RSII-1 set up the spectrum is
determined by quantum - mechanical potential (see
Fig. 4)
V (z) =
w′′
w
=
2k2
(1+k|z|)2 − 2k δ(z). (39)
Vector field B(m)(z) has a zero mode
B(0)(z) =
√
k
2
1
(1+k|z|) , (40)
which has to do the delta function well in
V (z). This zero mode corresponds to the constant
field A(0)(z) =
√
k/2. The latter is homogeneous
along the large extra dimension z and represents
the photon localized on the brane. In contrast to
the domain wall set up, there is no mass gap, sepa-
rating the zero mode B(0)(z) from the continuum of
states B(m)(z).
The brane-to-bulk vector Green’s function
GBµν(p, z, 0) = 〈Bµ(p, z)Bν(p, 0)〉 obeys(
p2−∂2z+ V (z)
)
GBµν(p, z, 0) = ηµνδ(z), (41)
5
We obtain the solution to Eq. (41) in Appendix B.
It is given by GBµν(p, z, 0) = ηµνGB(p, z, 0), where
GB(p, z, 0) =
e−p|z|
2p
+
ke−p|z|
2p2
1
(1+k|z|) . (42)
The first term in Eq. (42) is the Green’s function of
massles field in flat 5D spacetime. The second term
of Eq. (42) is proportional to 1/p2, therefore this is
the zero mode contribution to the vector propagator
at the tree level. In the IR regime p/k  1, brane-
to-bulk propagator of the field Aµ has the form
GA(p, z, 0) ≡ GB(p, z, 0)/w(z) = k
2p2
exp(−p|z|).
(43)
In contrast to the domain wall case (see Eq. (15))
GA(p, z, 0) of RSII-1 set up decreases more rapidly
towards z → ∞ in IR limit. It is worth rewriting
the Green’s function GA(p, z, 0) in the momentum
space:
G˜A(p, pz)=
∞∫
−∞
dz GA(p, z, 0)e
ipzz=
1
P 2
+
2pk
P 4
, (44)
where P is defined by Eq. (26).
B. One loop contribution of θ-homogeneous
fermions to the vector brane-to-brane
propagator.
In this section we derive one loop fermion correc-
tion to the vector Green’s function from brane-to-
brane. It is known that massless fermions are con-
formal, i. e., upon rescaling of the fermion field
ψ = w−5/2Ψ, (45)
the fermion action reduces to the flat-space form
S[Ψ]=
∫
d4x dz dθ
(
iΨΓµ∂µΨ+iΨΓ
θ∂θΨ+iΨΓ
z∂zΨ
)
.
(46)
where Γµ, Γθ and Γz are Euclidean 6D gamma ma-
trices; Ψ is eight-component Dirac spinor
Ψ = (Ψ+,Ψ−) ,
where Ψ+ and Ψ− are four-component spinors which
have appropriate signs of 6D chirality. Consider now
the KK mode expansion
Ψ(x, z, θ) =
1√
2piR
Ψ0(x, z) +
∑
n6=0
Ψn(x, z)fnS (θ).
(47)
where Ψ0(x, z) and Ψn(x, z)fnS (θ) are θ-
homogeneous and θ-inhomogeneous KK modes,
respectively. We have dropped 6D chirality indices
(±) in Eq. (47) for simplicity. Integrating out the
compact extra dimension, one obtains
S[Ψ]=
∫
d4xdzdθ
∑
n
(
iΨ
n
Γµ∂µΨ
n+
+ iΨ
n
Γz∂zΨ
n + imnΨ
n
Ψn
)
,
(48)
where mn = n/R is the mass of KK state.
Let us consider the one loop correction to the
vector propagator coming from the θ-homogeneous
state Ψ0. The interaction of Ψ0(x, z) and Aµ(x, z)
is described by the action
S[A,Ψ0]=
∫
d4x dz g5 Ψ
0
(x, z)ΓµAµ(x, z)Ψ
0(x, z),
(49)
where g5 is the 5D coupling
g5 =
g6√
2piR
(50)
with mass dimension [g5] = −1/2.
The action (49) is analogous to the vector-fermion
coupling in the domain wall set up (see Eq. 19).
Since there are two types of four-component Dirac
spinors in 6D model, one can carry over Eqs. (19) -
(28) to the RSII-1 scenario up to the fermion dou-
bling factor in Eq. (25)
Π˜µν(p, pz)→ 2Π˜µν(p, pz).
Upon substituting Eqs. (44) and (25) into Eq. (23),
one gets
G(1)µν (p) =
(g4)
2
2pi
3pi
64
23
(4pi)2
k
2p2
[(
ηµν− pµpν
p2
)
QT (p)+
+
pµpν
p2
QL(p)
]
,
(51)
where 5D and 4D effective couplings are related by
Eq. (3) up to the redefinition α → k. The func-
tions QT (p) and QL(p) are defined by Eq. (28) with
G˜(p, pz) given by Eq. (44) . Then, after integrating
Eq. (28) over pz, one finds
QT (p) =
32
3
+
16 p
k
+
4p2
k2
ln
2Λ
p
,
QL(p)=
32
15
+
16
3
p
k
+
4p2
k2
(
ln
2Λ
p
− 1
)
,
(52)
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Therefore, the one loop fermion contribution G
(1)
µν (p)
to the vector brane-to-brane propagator G
(0)
µν (p) (cf.
Eq. (42) at z = 0) in IR regime is given by
G(1)µν (p) =
(g4)
2
(4pi)2
k
p2
(
ηµν − 4
5
pµpν
p2
)
. (53)
It is worth noting that both G
(1)
µν (p) and G
(0)
µν (p)
are proportional to k/p2 as p → 0. This means
that there is no IR singularity in the one loop vec-
tor brane-to-brane propagator of the RSII-1 set up.
This is in contrast to Sec. II.
One can understand the IR behaviour of G
(1)
µν (p)
in a way analogous to that considered in Sec. II B.
Namely, let us consider Eq. (28) in the case of RSII-
1 model. From (44) it follows that if P → 0 then
G˜A(p, pz) ∝ kp/P 4. Hence the main IR contribu-
tions to QT (p) and QL(p) come from the integrals
QT (p) ∝
+∞∫
−∞
dpz
p2
k2
[
kp
(p2z + p
2)2
]2
(p2z + p
2)3/2,
QL(p) ∝
+∞∫
−∞
dpz
p2
k2
[
kp
(p2z + p
2)2
]2
(p2z + p
2)1/2p2z,
(54)
These integrals are saturated at pz ∼ p, therefore
one has
QT (p) ∝ QL(q) ∝ p p
2
k2
k2p2
p8
p3 ∝ O(1) (55)
which coincides with Eq. (52) for p/k  1.
Thus, the analysis of the one loop vector propaga-
tors in the two brane world models shows that the
IR behaviour of vector brane-to-brane propagators
is in one-to-one correspondence with the existence
of the mass gap. While there is IR pathology in the
model with the gap, the gapless model is IR healthy.
C. Contribution of θ-inhomogeneous KK
fermions.
In this section we derive one loop contribution of
θ-inhomogeneous fermions to the vector brane-to-
brane propagator. Since the masses of corresponding
KK excitations are large, mn = n/R  p, produc-
tion of heavy inhomogeneous fermion modes is for-
bidden at the tree-level. Nevertheless, these modes
may contribute to the vector brane-to-brane propa-
gator at the one loop level.
Let us recall that RSII-1 model is a 6D non-
renormalizable spinor QED with warped extra di-
mension. If the set up were 6D spinor QED on flat
background, we would have to impose the following
condition on gauge coupling g6 and UV cutoff scale
Λ
Λ 1/g6. (56)
In warped space-time, it is appropriate to use the
position dependent cutoff formalizm [14]. Namely,
the cutoff scale at given z is Λeff(z) = Λ/(1+kz).
In particular, one imposes position dependent upper
bound on KK masses
mn < Λ/(1+kz). (57)
Thus, the one-loop contribution of θ-inhomogeneous
KK states can be written as follows:
GKKµν (p) =(g5)
2
+∞∫
−∞
dz1dz2GA(p,z1,0)GA(p,z2,0)×
×
+∞∫
−∞
dpz
2pi
eipz(z1−z2)
NKK(z)∑
n 6=0
Π˜nµν(p, pz),
(58)
where NKK(z) is the effective number of KK states,
and z = (z1+z2)/2; Π˜
n
µν(p, pz) is the one loop fermion
integral of massive KK excitations (compare with
massless case Eq. (24) and (25))
Π˜nµν(p, pz)=
1∫
0
dx
23
(4pi)2
2
√
∆n
(
ηµνP
2−pµpν
)
x(1−x),
(59)
where ∆n = m
2
n+x(1−x)P 2. Since mn  p, we set
∆n = m
2
n in Eq. (59), and then evaluate the integral.
In this way we obtain in IR regime P  k
Π˜nµν(p, pz) =
23
(4pi)2
2
mn
6
(
ηµνP
2 − pµpν
)
, (60)
Let us use the variables z = (z1+z2)/2 and z
′ = z1−z2
in Eq. (58). Implementing the cutoff condition (57),
we interchange the order of bulk space integration
and KK summation in Eq. (58). Then, after inte-
grating over pz, we have
GKKµν (p)=(g5)
2
NKK∑
n 6=0
mn
6
+znIR∫
−znIR
dz dz′δ(z′)
23
(4pi)2
2×
×
[(
ηµνp
2−pµpν
)−ηµν ∂2
∂z′2
]
×
×GA(p, z+z′/2, 0)GA(p, z−z′/2, 0),
(61)
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where znIR = (Λ − mn)/(kmn), the masses of KK
states are bounded now by mn < Λ. Hence, the
number of KK states in (61) is
NKK = RΛ. (62)
Integrating Eq. (61) over z′ and z, one obtains
GKKµν (p)=(g5)
2
NKK∑
n 6=0
mn
6
23
(4pi)2
([
ηµν− pµpν
p2
]
Fn1 (p)+
+ ηµνFn2 (p)
)
,
(63)
where Fn1 (p) and Fn2 (p) are given by
Fn1 (p) =
5
8
k2
p3
(1− e−pznIR) + 3
8
k
p2
(
2(1− e−pznIR)−
− e−pznIRkznIR
)
+
1
16p
(
4(1− e−pznIR)−
− 4e−pznIRkznIR − e−pz
n
IR(kznIR)
2
)
(64)
Fn2 (p) =
k
2p2
e−pz
n
IR
(
1 + kznIR/2
)
+
+
1
2p
e−pz
n
IR
(
1 + kznIR + (kz
n
IR)
2/4
)
.
(65)
Let us consider low momentum regime pznIR  1,
then at p/k  1 one has
Fn1 (p) = Fn2 (p) =
znIR
4
k2
p2
.
Therefore
GKKµν (p) =
(g4)
2
48pi2
NKK∑
n6=0
(Λ−mn)
p2
(
2ηµν − pµpν
p2
)
,
which leads to
GKKµν (p) =
(g4)
2
48pi2
Λ(ΛR+ 1)
2p2
(
2ηµν − pµpν
p2
)
(66)
It follows from Eq. (50) and Eq. (3) that 6D and 4D
couplings are related by
g6 = g4
√
2piR
k
,
therefore Eq. (66) is finally written as
GKKµν (p) =
(g6Λ)
2
192pi3
k
p2
(
2ηµν − pµpν
p2
)
. (67)
This is indeed a small correction to the tree-level
propagator, provided that (g6Λ)
2  1, which coin-
cides with Eq. (56). We conclude that the entire
RSII-1 scenario is viable at least at the one loop
level.
IV. DISCUSSION AND CONCLUSION
In this paper we have considered two brane-world
models with different mechanisms of gauge field lo-
calization on the brane. We found that the fermion
one loop correction to the vector brane-to-brane
propagator has a pathological IR divergence in the
framework of 5D massles spinor QED with gauge
field localized on the domain wall, which makes this
model inconsistent. This result is consistent with the
observation in Ref. [6]. We have also considered 6D
massles spinor QED in the background of modified
Randall-Sundrum metric. We have explicitly calcu-
lated the one loop fermion cotribution to the vector
brane-to-brane propagator in this framework in the
low energy limit. This contribution is healthy in IR,
so one can consider the RSII-1 set up as consistent
brane world scenario, at least at the one loop level.
We conclude that IR are inherent in models with
gauge field zero mode separated from heavier modes
by a gap, while models without the gap may be
healthy in IR.
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Appendix A: Vector field propagator in the
domain wall set up.
In this appendix we derive the vector propagator
from the brane to bulk in the model of Sec. II. We
take the solution to Eq. (8) in the formGBµν(p, z, 0) =
ηµνGB(p, z, 0), where
GB(p, z, 0) = θ(z)G
(+)(p, z) + θ(−z)G(−)(p, z).
(A1)
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Here G(+)(p, z) and G(−)(p, z) are linear combina-
tions of odd and even solutions
G(+)(p, z) = B(+)G(e)(p, z) + C(+)G(o)(p, z),
G(−)(p, z) = B(−)G(e)(p, z) + C(−)G(o)(p, z).
(A2)
Here
G(e)(p, z) = ch2αz 2F1(a, b;
1
2
;−sh2αz) (A3)
G(o)(p, z) = shαz ch2αz 2F1(a+
1
2
, b+
1
2
;
3
2
;−sh2αz),
(A4)
where 2F1 is hypergeometric function, parameters a
and b are defined by
a = 1− χ/(2α), b = 1 + χ/(2α), (A5)
with
χ =
√
p2 + α2. (A6)
We impose the boundary condition far from the
brane
G(+)(p, z)
∣∣∣
z=∞
= 0, G(−)(p, z)
∣∣∣
z=−∞
= 0. (A7)
It follows from Eqs. (A2) and (A7) that
B(+) = −C(+) lim
z→∞
G(o)(p, z)
G(e)(p, z)
≡ −C(+)D(p) (A8)
B(−) = −C(−) lim
z→−∞
G(o)(p, z)
G(e)(p, z)
=
= C(−) lim
z→∞
G(o)(p, z)
G(e)(p, z)
≡ C(−)D(p).
(A9)
Then Eq. (A2) can be written in the following form:
G(+)(p, z) = C(+)[−D(p)G(e)(p, z) +G(o)(p, z)],
G(−)(p, z) = C(−)[D(p)G(e)(p, z) +G(o)(p, z)].
(A10)
Matching condition G(+)(p, 0) = G(−)(p, 0) at the
brane position z = 0 gives
C(+) = −C(−) ≡ C.
Discontinuity of the derivative
−∂zG(+)(p, 0) + ∂zG(−)(p, 0) = 1
at the point z = 0 yields
C = −1/(2α).
Thus, the propagator GB(p, z, 0) reads
GB(p, z, 0) =
1
2α
[D(p)G(e)(p, z)−G(o)(p, |z|)].
(A11)
Expanding G(e)(p, z) and G(o)(p, z) at large values
of the variable ξ = chαz, one has
G(o)(p, ξ)sign(z)=
ξ
χ
α
2
(
2
χ
αα
α+χ
+O
(
1/ξ2
))
+ ξ−
χ
α
(
2−
χ
α α
α− χ +O
(
1/ξ2
))
,
(A12)
G(e)(p, ξ)=
ξ
χ
α
2
(
2
χ
α (−α+χ)
χ
+O
(
1/ξ2
))
+ ξ−
χ
α
(2− χα (α+ χ)
χ
+O(1/ξ2)
)
.
(A13)
This gives
D(p) = lim
ξ→∞
G(o)(p, ξ)
G(e)(p, ξ)
=
αχ
(χ2 − α2) . (A14)
Substituting Eqs. (A3), (A4) and (A14) into
Eq. (A11), and using the identity
1
(y−1/y) 2F1
(
1− y
2
,1+
y
2
;
1
2
;−sh2t
)
− sh|t|2F1
(
3
2
− y
2
,
3
2
+
y
2
;
3
2
;−sh2t
)
=
=
1
2ch3t
(
e−(y−1)|t|
y−1 +
e−(y+1)|t|
y+1
)
,
(A15)
we obtain the final form of the brane-to-bulk vector
propagator
GB(p, z, 0) =
1
4 chαz
(
e−(χ−α)|z|
χ− α +
e−(χ+α)|z|
χ+ α
)
.
(A16)
Appendix B: Vector field propagator in the
RSII-1 set up
In this appendix we derive brane-to-bulk vector
propagator GB(p, z, 0) in the framework of RSII-1.
The latter obeys(
p2 − ∂2z +
w′′
w
)
GB(p, z, 0) = δ(z). (B1)
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We take the solution to Eq. (B1) in the following
form
GB(p, z, 0) = θ(z)G
(+)(p, z) + θ(−z)G(−)(p, z),
where
G(±)(p, z)=C(±)
(
1+
k
p
1
(1±kz)
)
e−
p
k (1±kz).
Matching condition of G(+)(p, z) and G(−)(p, z) and
discontinuity of derivative at the point z = 0 are
G(+)(p, 0) = G(−)(p, 0),
−∂zG(+)(p, 0)+∂zG(−)(p, 0)−2kG(p, 0)=1.
This yields
C(+) = C(−) =
1
2p
exp
(p
k
)
.
Hence, we obtain
GB(p, z, 0) =
e−p|z|
2p
+
ke−p|z|
2p2
1
(1+k|z|) . (B2)
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